Higher-twist analysis of moments of spin structure function by Deur, A.
ar
X
iv
:n
uc
l-e
x/
05
08
02
2v
1 
 1
8 
A
ug
 2
00
5
Higher-twist analysis of moments of spin struture funtion
A. Deur
Thomas Jeerson National Aelerator Faility, Newport News, VA 23606
8th November 2018
Abstrat
Available analyses on moments of the spin struture funtion g1 use dierent methods and are barely
onsistent with eah other. We present a higher twist analysis of Γ
p
1 using a method onsistent with
the studies of Γ
n
1 and Γ
p−n
1 already published. The twist-4 oeient f2 is extrated. One result is
that the higher twist oeients seem to alternate signs: the relatively larger twist-6 ontribution is
partly suppressed by the twist-4 and twist-8 ontributions. The size of twist-6 an be due to the elasti
ontribution to the moments.
High preision data on doubly polarized eletron-nuleon sattering from Jeerson Lab (JLab) have been
analyzed in the transition regime from asymptotially free to strongly interating quarks [1,2,3,4℄. Studying
quark-gluon and quark-quark interations is important to understanding quark onnement. Suh study an
be ast in the Operator Produt Expansion (OPE) formalism, whih desribes in partiular the evolution of
struture funtions and their moments. The Cornwall-Norton moment is the integral of the struture funtion
over x. Here, x = Q2/2Mν is the Bjorken variable, Q2 is the four-momentum transfer from the eletron to
the nuleon, ν is the energy transfer and M is the nuleon mass. In OPE, the rst moment of g1(x,Q
2) an
be written as:
Γ1(Q
2) ≡
∫ 1
0 dxg1(x,Q
2) =
∑
τ=2,4...
µτ (Q
2)
Qτ−2
,
where the µτ (Q
2) are sums of twist elements added up to twist τ . The twist is dened as the mass dimension
minus the spin of an operator. Twist elements≥ 3 an be related to quark-quark and quark-gluon interations.
Hene they are important quantities for onnement study. The leading twist oeient is:
µ
p(n)
2 (Q
2) = Cns(Q)
2
(
1
36a8 ±
1
12gA
)
+ Cs(Q)
2 1
9a0
where Cns and Cs are avor non-singlet and singlet Wilson oeients that represent the Q
2
-dependene due
to QCD radiations [5℄, ga = 1.267(35) is the triplet axial harge [6℄, a8 = 0.579(25) is the otet axial harge
[6℄ and a0 is the singlet axial harge. In the MS renormalization sheme that will be used here, a0 = ∆Σ
where ∆Σ is the ontribution of the quarks to the nuleon spin. The next to leading order twist oeient
is:
µ4(Q
2) = M
2
9
(
a2(Q2) + 4d2(Q
2) + 4f2(Q
2)
)
a2 (d2) is a twist two (three) target mass orretion that an be related to higher moments of g1 (of g1 and
g2), and f2 is the twist four ontribution [7℄.
OPE analysis an also be arried out using Nahtmann moments [8℄, in whih the target mass orretions
are done by an appropriate ombination of g1 and g2 in the moment's denition. Suh an analysis of
the new JLab EG1a data have been arried out on Γp1 [9℄. On the other hand, analysis of Γ
n
1 [10℄ and
the avor non-singlet Γp−n1 [11℄ were done using Cornwall-Norton moments. The results at Q
2 = 1 GeV2
1
for f2 are f
p
2 = 0.039 ± 0.022(stat)
+0.000
−0.018(syst)±0.030(low x)
+0.007
−0.011(αs), f
n
2 = 0.034 ± 0.005 ± 0.043 and
fp−n2 = −0.13 ± 0.15(unor.)
+0.04
−0.03(or.) where unor. (or.) speies the error due to the unorrelated
(orrelated) experimental unertainty. The µ6 results are µ
p
6∗/M
4 =0.011±0.013(stat)+0.010
−0.000(syst)±0.011(low
x)±0.000(αs), µ
n
6/M
4 = −0.019± 0.002± 0.017 and µp−n6 /M
4 = 0.09± 0.06(unor.)±0.01(or.) where the
asterisk in µp6∗ realls that this oeient ontains only a twist 6 term.
These results, while oming from the same set of data, barely agree. The disagreement ould ome from
the fat that the low-x extrapolation proedures dier in the three analyses, or the lowerQ2 onsidered for the
ts are dierent (1 GeV
2
for p, 0.5 for n and 0.8 for p-n), or the target mass orretions are treated dierently
in the Nahtmann and Cornwall-Norton analyses: in the Nahtmann moments, target mass orretions are
added to all orders while in the Cornwall-Norton analyses, only the rst order is orreted for. The Cornwall-
Norton analyses indiate that twist 4 and twist 6 terms are of similar magnitude (although twist 6 is larger)
but opposite sign, leading to a partial anellation of higher twist eets. This is not as lear from the
Nahtmann analysis. To larify this issue, it would be beneial to provide onsistent OPE analysis of the
data. In that light, we have redone a Cornwall-Norton analysis of the Γp1 data onsistent with the Γ
n
1 and
Γp−n1 analyses.
The low−x extrapolation of the JLab and world data was redone, as in the Γn1 and Γ
p−n
1 analyses, using the
Thomas-Bianhi parametrization [12℄ up to the invariant mass squared W 2 = 1000 GeV2. The unertainty
was estimated by varying all the parameters within their range given in [12℄. A Regge form [13℄ was used
beyond W 2 = 1000 GeV2 on whih an unertainty of 100% was assumed. The elasti ontribution to the
moments was estimated using the parametrization of Mergell et al. [14℄. A 2% unertainty was assumed. The
JLab EG1a experiment (that will mainly determine the higher twist magnitude) is dominated by systemati
unertainties. Its point to point unorrelated systemati unertainties were separated from its orrelated
ones, and added in quadrature to its statistial unertainty. This error was used in the OPE t. The eet
of the point to point orrelated unertainty was aounted for by shifting the EG1a data set and using it as
a new input in the t.
Fitting the world data for Q2 ≥ 5 GeV2 and assuming no higher twist eets above Q2 = 5 GeV2 yields
∆Σ = 0.154 ± 0.066. The target mass orretion a0(Q
2) =
∫ 1
0 dx
(
x2g1(x,Q
2)
)
, where g1(x,Q
2) ontains
only a twist-2 ontribution, was estimated with the parton distribution parameterization of J. Bluemlein
and H. Boetther [15℄. The twist-3 ontribution d2(Q
2) was obtain from the SLAC E155x experiment
[16℄. Although aounting for the Q2 dependene had little eet on the t, a Q2−dependene of the
form A(Q2) = A(Q20)
(
αs(Q
2
0)/αs(Q
2)
)b
was assumed for a0(Q
2) and d2(Q
2) with b = −0.2 and b = −1
respetively. ΛQCD = 0.37
+0.04
−0.07 was used in omputing αs(Q
2).
The world data together with the OPE leading twist evolution (LT) of Γp1(Q
2) and the elasti ontribution
to Γp1(Q
2) are shown in the gure below. The band at zero is the point to point orrelated unertainty on
the JLab EG1a data. The dot-dashed line is the result of t 1 (see table).
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Figure 1: World data on Γp1(Q
2). The gray band (LT) is the pQCD leading twist evolution. The band on the
horizontal axis is the point to point orrelated unertainty for the JLab CLAS experiment. The unorrelated
unertainty is of the size of the square symbols. The error bars on the open symbols are systemati and
statisti added in quadrature. The dash-dotted line is a t of the data starting at Q2min = 0.1 GeV
2
.
To hek the onvergene of the OPE series, the lowest Q2 value, Q2minwas varied, as well as OPE series
trunated to twist-8. The results are given in the table below. All the twist oeient values are given
for Q2=1 GeV2. The rst error represents the unorrelated unertainty, oming mainly from the statistial
unertainty, and the seond is the point to point orrelated unertainty.
t Q2
min
f2 µ4/M2 µ6/M4 µ8/M6
1 1.0 -0.138±0.024
+0.113
−0.101
-0.055±0.011
+0.050
−0.046
0.110±0.014+0.041
−0.046
-
2 0.8 -0.120±0.017+0.091
−0.015
-0.047±0.073+0.040
−0.007
0.099±0.008+0.028
−0.032
-
3 0.8 -0.144±0.057+0.217
−0.127
-0.057±0.025+0.097
−0.028
0.124±0.058+0.080
−0.137
-0.014±0.032+0.051
−0.026
4 0.6 -0.160±0.027+0.111
−0.106
-0.064±0.012+0.049
−0.047
0.143±0.021+0.054
−0.057
-0.026±0.008+0.017
−0.016
All the t results are very onsistent with eah others. In ts 4 and 6, the smallness of µ8 tends to indiate
the onvergene of the OPE series. There is good agreement between the Γn1 and Γ
p−n
1 analyses and our
analysis, although the entral values dier notieably. Also, our results show the same trend as the results
from the neutron [10℄ and Bjorken sum analysis [11℄: The f2 oeient tends to display an opposite sign as
the µ6 oeient. The alternation of signs seems to ontinue with µ8, whih indiates that the overall eets
of higher twist are suppressed. This would indiate that we should expet hadron-parton duality [19℄ to hold
for g1 at the sale at whih the higher twist oeients were extrated. The fat that µ6 stands out as the
largest oeient is, andidly, not surprising sine in our Q2 ranges, the Q2-behavior is dominated by the
elasti ontribution whih roughly behaves as 1/Q4. This feature was also seen in the Bjorken sum analysis
but not in the neutron analysis in whih the elasti ontribution is smaller.
These results an be ompared to non-perturbative model preditions: f2 = −0.037±0.006 [17℄, µ4/M
2 =
−0.040± 0.023 (QCD sum rules [20℄), f2 = −0.10± 0.05 (MIT bag model [21℄) and f2 = −0.046 (instanton
model [22℄). As for the extrated f2 and µ4, all the preditions are negative. The MIT bag model and QCD
sum rules agree best with the t results, although the other preditions are not ruled out.
Although agreeing well within unertainties, Γp1 6= Γ
p−n
1 +Γ
n
1 from the analyses [11℄ and [10℄. This omes
from the fat that the ∆Σ extrated from the proton and neutron analysis are very dierent: ∆Σp(n) =
3
0.15(0.35). This implies that the asymptoti values for the Γp1 , Γ
n
1 and Γ
p−n
1 that anhor the OPE evo-
lutions used in the t are inonsistent. As an example, an oset of the Bjorken sum asymptoti value of
(∆Σp −∆Σn = −0.2) /9 hanges the value of fp−n2 at Q
2 = 1 GeV2 by a fator 2 and the value of µp−n6 by
50%.
From the result of t 1, we an extrat the proton olor polarizabilities whih are the responses of the
olor magneti and eletri elds to the spin of the proton [17,18℄: χpE = −0.08 ± 0.02
+0.07
−0.08 and χ
p
B =
0.06± 0.08+0.05
−0.04. As for the neutron, these are of opposite sign and ompatible with zero.
The fat that the higher twist eets are small (at Q2 = 1 GeV2) is somewhat surprising and exiting.
However, it implies that aurate measurements are more deliate: the size of the unertainty is presently of
the size of the entral value itself. In partiular, the high energy missing part, very substantial for the JLab
data, introdues a signiant unertainty. The 12 GeV upgrade of JLab will improve on this issue and push
the Q2-overage of the measurements. It will help in measuring the higher twist oeients preisely.
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